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The adrenergic nervous system is active in kidney function, and the
kidney has large numbers of adrenergic receptor subtypes. Because of
the cellular complexity of the kidney, it is difficult to obtain direct
assessments of adrenergic receptor binding characteristics over specific
tissue compartments. Qualitative autoradiography allows the localiza-
tion of adrenergic receptors over tissue types in the kidney, but
quantitative autoradiography allows direct comparison of adrenergic
receptor number over different cellular compartments. The purpose of
this study was to obtain direct assessments of alpha1, alpha2, and beta
adrenergic receptor numbers over different tissue compartments of the
kidney using quantitative autoradiography. Sections of Sprague-
Dawley rat kidney were incubated in several concentrations of 3H-
dihydroalprenolol to label beta receptors, 3H-prazosin to label alpha1
receptors and 3H-rauwolscine to label the alpha2 receptors. Sections of
rat heart incubated in 3H-dihydroalprenolol were included as standards.
The sections were then prepared for receptor autoradiography. After
processing, the grains were then quantified on an image analysis
system, and binding curves constructed from the specific binding. In
some animals, the proximal tubules were stained to localize the
proximal convoluted tubules. Significant Scatchard analyses were ob-
tained in the glomeruli with dihydroalprenolol (5.18 X l0 receptors!
mm3) and with rauwolscine (2.48 x l0 receptors/mm3). Significant
Scatchard analyses were obtained in the cortex with rauwolscine (9.47
x l0 receptors/mm3) and with prazosin (3.9 x l0). In addition,
specific binding was seen with rauwolscine and prazosin to the kidney
arterioles. Qualitative analysis of the alkaline phosphatase activity in
sections indicated that rauwoiscine and prazosin binding was associated
with proximal tubules, while dihydroalprenolol binding was associated
with distal convoluted tubules. Straight tubules approaching the me-
dulla were labeled with dihydroalprenolol. These data indicate that
there are approximately twice the number of beta receptors on the
glomeruli as alpha2 receptors, and that the proximal convoluted tubules
have approximately three times as many alpha2 receptors as alpha1
receptors. Alpha1 and alpha2 receptors are localized on arterioles, and
beta receptors are associated with distal convoluted tubules and straight
tubular elements in the kidney. These data demonstrate that adrenergic
receptor subtype and number varies considerably among the tissue
compartments of the kidney.
A large body of data suggests that adrenergic stimulation
exerts important effects on renal function and extensive data
supports the localization of adrenergic receptors in several
regions of the kidney [reviewed in 1, 2]. Specifically, adrenergic
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activity is known to affect glomerular filtration rate, renin
release, and proximal tubule sodium reabsorption. Evidence
has implicated the role of adrenergic receptors in glomerular
mesangial cell contraction and relaxation [3].
Our previous studies have provided evidence of alpha1 ad-
renergic receptor localization [4] and alpha2 receptor localiza-
tion [5] in rat kidney. Others have described the localization of
beta adrenergic receptors in the rat kidney [6, 7]. The purpose
of the current investigation was to expand earlier qualitative
studies and examine alpha1, alpha2 and beta adrenergic recep-
tors using methods which allow actual quantification of receptor
numbers in a given volume of tissue [8]. Quantitative autoradi-
ography provides a means of attributing ligand binding to
specific tissue compartments, and thereby may provide a more
lucid picture of the physiological importance of renal adrenergic
receptors. Another purpose of this investigation was to localize
adrenergic receptor subtypes in regions of the tubule using
histochemical identification of proximal convoluted tubules.
Methods
Tissue preparation and autoradiography
Tissue was prepared according to our previously described
methods. We had utilized the beta receptor ligand 3H-dihy-
droalprenolol (DHA) for autoradiography in dog heart [9]. We
did additional validation studies in rat kidney sections to
determine that 3H-DHA binding reached equilibrium in this
tissue under the conditions utilized for ligand binding. We have
previously characterized the alpha1 receptor ligand 3H-prazosin
[4] and the alpha2 receptor ligand 3H-rauwolscine [5] in rat heart
and kidney sections, and utilized those conditions in the present
study. All validation studies were performed on kidney sections
that had been fixed, frozen and sectioned exactly as described
for the autoradiography. Tissue sections were incubated in the
appropriate ligands, scraped off of the slide and assayed by
scintillation spectrometry. To prepare the sections, rat kidney
was removed from Sprague-Dawley rats and lightly fixed with
0.1% paraformaldehyde at 0 to 2°C for 20 minutes. The tissue
was then snap frozen in a liquid nitrogen-cooled, Freon 22
slurry and stored under liquid nitrogen until use. The tissue was
sectioned at a thickness of 10 microns, thaw mounted on gelatin
subbed slides and stored at —20°C until time of incubation.
The incubation conditions were as follows:
1) To label the alpha1 receptors, tritiated prazosin, (Sp. Act.
80.9 Cilmmol, New England Nuclear, Boston, Massachu-
setts, USA) in concentrations ranging from approximately 0.05
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to 0.6 flM, was utilized. The incubation buffer used was 25 msi
glycyiglycine (pH 7.4) and the wash buffer was 50 m Tris HC1
(pH 7.4). Phentolamine (l0 M) was used to determine non-
specific binding.
2) To label the alpha2 receptors, tritiated rauwoiscine
(RAUW) (Sp. Act. = 78.8 Ci!mmol) was utilized in concentra-
tions ranging from approximately 0.25 to 3.5 flM. The buffer
used for incubation and wash was 50 m potassium phosphate!
sodium phosphate at a pH of 7.4. Nonspecific binding was
determined using i0 M yohimbine.
3) To label the beta receptors, tritiated dihydroalprenolol
(DHA) (Sp. Act. = 103.9 Ci/mmol) was used, in concentrations
ranging from 0.5 to 6.0 n. The incubation and wash buffer was
170 mM tris HC1, 10 mrn MgCl2 at a pH of 7.4. Nonspecific
binding was determined using l0_6 M propranolol.
Ten micron sections on subbed slides were incubated in the
radioligands in the absence (total binding) or presence (nonspe-
cific binding) of cold antagonist. The sections were incubated
for 30 minutes at room temperature, then washed twice in ice
cold buffer, ten minutes each wash, and then quickly dipped in
chilled distilled water and dried with pressurized air. They were
then stored in black plastic slide boxes with desiccant at 2 to
4°C until processed for autoradiography.
Coverslips were dipped in Kodak NTB-2 emulsion (Eastman
Kodak, Rochester, New York, USA) and attached to the slides
with Superglue according to methods similar to those of Young
and Kuhar [101. The autoradiographs were allowed to expose
for a period of seven to eight weeks. Following this, the
coverslips were gently peeled back, and an alligator clip spacer
was inserted between the slide and the coverslip. The autora-
diographs were developed, then stained with hematoxylin and
eosin. In two of the animals, prior to staining with hematoxylin
and eosin, the kidney sections were stained for alkaline phos-
phatase, a histochemical marker for proximal convoluted tu-
bules in the rat [11]. This was done to obtain a qualitative
assessment of labeling to the convoluted tubules, to comple-
ment the quantitative assessment done on the cortical tubules
as subsequently described. The alkaline phosphatase method
utilized is the calcium-cobalt method of Gomori [12]. To stain
for alkaline phosphatase, the kidney autoradiographs were
incubated for 15 minutes in the following mixture: 30 mrvi
sodium /3-glycerolphosphate, 20 m sodium diethyl barbitu-
rate, 78 mrvt CaCI2 and 9 mrvi MgSO4. The slides were rinsed in
distilled water and treated with 0.1 M cobaltous acetate for five
minutes. The slides were rinsed in distilled water and treated
with 0.1% ammonium sulfide for 30 seconds. The sections were
then stained with hematoxylin and eosin.
Quantification of the autoradiographs
The quantitative analysis of the autoradiographs was com-
pleted on a Nikon Magiscan Image analysis system according to
our previously described methods [4]. This system employs a
gray scale and various image operators that allow for reproduc-
ible and systematic autoradiographic grain counting. Ten mi-
croscopic fields (5,440 m2 each field) of cortical tubules and
ten microscopic fields of medullary tubules were randomly
selected and then analyzed. Ten glomeruli were analyzed from
each section, as well as 10 arterioles (external diameter less
than 75 tM) analyzed from each section. The image analyzer
allows the operator to circle a structure that does not fill the
entire field. The image analyzer will then calculate the area of
the feature of interest, the number of grains over the feature and
then normalize the grains to total field area. Grain counts in the
10 different fields were then averaged and nonspecific binding
subtracted from total binding in order to obtain specific receptor
binding for each structure and at each concentration of ligand.
Radioactive standards
With each set of autoradiographs prepared, a set of standards
was included to provide a basis for converting grain counts to
absolute fmoles of ligand bound. This was accomplished ac-
cording to our previously described methods in dog [8] as
modified for rat. The right ventricular wall was removed from
transverse slices of rat heart and the block frozen as previously
described. Sections of rat myocardium were incubated with
tritiated DHA (0.5 to 10 nM) in the presence and absence of
propranolol under the same conditions outlined previously for
DHA incubations. The myocardium was utilized instead of the
kidney, because DHA produces a random distribution of grains
throughout the left ventricle and septum.
After incubation in the DHA, some of the slides were
processed for quantitative autoradiography, and some of the
slides were scraped and assayed by scintillation spectrometry
to determine radioactivity bound to each section. Grain counts
were determined on ten randomly-selected fields on the section.
Total section area was then determined utilizing the image
analyzer. By knowing the number of grains counted, and the
area of tissue that the grains were counted in, and by knowing
total section area, total grain number on the entire section could
be estimated. Total grains on the section were then plotted
against cpm in the section to obtain a standard curve for each
set of autoradiographs, as shown in Figure 1. Using the data
from the standards, it was possible to take grain measurements
over specific tissue compartments and correlate them to counts
per minute. Using the specific activity of the ligand and the
efficiency of the scintillation counter (45%), the counts per
minute were converted to fmole quantities. Subsequently,
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Fig. 1. This figure is an example of a standard curve utilized in this
study, with grains x 1O"Islice (X axis) plotted against counts per
minute/slice (Y axis, left). Using the specific activity of the ligand and
the efficiency of the counter, cpm can be converted to fmole dihydroal-
prenolol/slice (Y axis, right).
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Scatchard analysis was performed on the average specific
binding obtained from the four to five animals utilized for the
study.
The Scatchard plots were then subjected to linear regression
analysis and significance testing. A P value of less than 0.05 was
considered significant. All data are expressed as the mean the
standard error of the mean.
Results
Several regions in the kidney had specific binding. The raw
data obtained from the image analysis system are shown in
Table 1. Shown in the table are the cortical tubules labeled with
rauwoiscine, prazosin and dihydroalprenolol, the glomeruli
labeled with DHA and rauwolscine, and the tubules in the
medulla labeled with rauwolscine. In addition, the renal arteri-
oles were specifically labeled with rauwolscine and prazosin.
When grain counts were converted to fmoles ligand and the data
subjected to Scatchard analyses, significant linear regressions
were obtained with four conditions: rauwoiscine and prazosin
binding on the tubules of the renal cortex and rauwolscine and
dihydroalprenolol binding on the glomeruli. Figure 2 represents
saturation curves of specific binding of rauwolscine and pra-
zosin to the tubules of the renal cortex, expressed as fmolltissue
slice. Figure 3 demonstrates Scatchard analyses of rauwolscine
and dihydroalprenolol binding to the glomeruli in the kidney.
Thus, excellent saturation curves and Scatchard analyses were
obtained with this method.
The conversion from Bmax to receptors/mm3 was done as
described in Figure 4. First, the Bmax obtained was converted to
a value reflective of tissue volume. Tissue volume was given by
the product of the measured area of the tissue slice used for the
standard (the average tissue slice area was 115.8 square milli-
meters) and the thickness of the tissue slice—known to be 10
microns. The fmole quantity was then converted to fmol/mm3.
It was then possible, assuming a one to one relationship
between receptor and ligand, to employ Avogadro's number to
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Table 1. Total and nonspecific grain densities expressed as grains per microscopic field (5.4 X i0 sm2)
Ligand concentration n
Cortex—RAUW1' 0.3 0.6 1.2 2.4 3.6
Total 316 48 484 68 746 116 1005 148 1189 74
Nonspecifica
Cortex_Prazosinb
48 8
0.06
62 9
0.12
94 21
0.23
186 45
0.35
303 98
0.58
Total 204 32 273 55 497 51 522 36 670 70
Nonspecific 80 18 124 22 236 31 198 24 327 57
Cortex—DHA 0.5 1.1 2.2 3.2 5.7
Total 92 15 121 15 207 33 279 17 344 40
Nonspecific 56 3 87 6 113 10 132 6 201 27
Glomeruli—DHA1' 0.5 1.1 2.2 3.2 5.7
Total 205 15 330 12 436 14 506 18 654 22
Nonspecific 35 3 50 5 66 6 81 4 115 10
Glomeruli—RAUW" 0.3 0.6 1.2 2.4 3.6
Total 97 13 146 16 230 39 324 44 414 55
Nonspecific 31 5 42 6 70 11 116 29 202 14
Medulla—RAUW 0.3 0.6 1.2 2.4 3.6
Total 117 22 138 28 236 59 340 62 395 75
Nonspecific 28 4 36 4 53 14 106 25 175 8
a Binding in the presence of the appropriate antagonist
Data are expressed as mean SEM, N 4 to S animals
b Areas where significant Scatchard analyses were obtained
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Fig. 2. This figure demonstrates saturation
curves derived from the autoradiographs.
Shown are specific binding to a tissue slice on
the Y axis, plotted against ligand
concentration in the incubation mixture.
Binding of prazosin (•, Bmax = 7.49 fIflOII
slide) and rauwolscine (S. Bmax = 18.21 fmoll
I I I
slide) to the tubules in the renal cortex was
2.5 3.0 35 saturable. In addition, binding was greater
with rauwolscine, than with prazosin.
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Fig. 3. These figures are Scatchard plots of specflc rauwolscine (0)
and dihydroalprenolol (•) binding to the glomeruli. The Scatchard
plots were linear, and demonstrate that binding was greater with
dihydroalprenolol than with rauwoiscine.
Bma, (tmol)
Tissue volume
(measured area x thickness)
= fmol/mm3
Assuming a one to one relationship between receptor and ligand, it is possible
to employ Avogadro's number to calculate receptor density
_______
mollmm3 — Receptors/mm36.023 x 1023 —
Table 2. Dissociation constants and receptor density in
compartments of the kidney
Receptor
KD
nM
density
receptors/mm3
Glomeruli
Rauwolscine 2.13 2.48 x l0
Dihydroalprenolol 1.96 5.18 x l0
Cortex
Rauwolscine 1.23 9.47 x 1O
Prazosin 0.23 3.90 X iO
generate a value for receptor density for volume of tissue. The
results of these conversions are outlined in Table 2, along with
the dissociation constant for each ligand. These results demon-
strated that the tubules in the renal cortex had 2.5 times as
many alpha2 as alpha1 receptors, and that the glomeruli had
approximately twice as many beta receptors as alpha2 recep-
tors.
Figure 5 is darkfield micrographs of rauwoiscine binding to
the renal cortex, demonstrating dramatic specific binding to the
cortical tubules, that can be blocked by yohimbine. Figure 6 are
micrographs demonstrating that the labeling was associated
with proximal convoluted tubules. In addition, it appeared that
Fig. 5. These figures are darkfield micrographs demonstrating binding
of I nM rauwolscine to rat kidney cortex. A. Total binding to glomeruli
(0) and tubules (T) of the renal cortex, scale bar = 100 jsm. B. A higher
magnification of the cortex, demonstrating intense labeling of most of
the cortical tubules, while some tubules remain unlabeled. Scale bar =
40 m. Although the glomeruli had less binding than the tubules,
significant binding was obtained on this structure. C. Nonspecific
binding to a serial section incubated with rauwolscine in the presence of
iO M yohimbine, demonstrating displacement. Scale bar = 40 m.
the alpha2 receptors were localized on the basolateral surface of
the tubule.
Figure 7 is micrographs of DHA autoradiographs, demon-
strating binding to the glomeruli, as well as other regions in the
renal cortex. In the DHA autoradiographs, in some instances,
the vascular pole of the glomerulus had a slightly higher
.
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Fig. 4. This figure demonstrates the methods of conversion of recep-
lors per slide (tissue slice) to fmole/mm3.
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Fig. 6. These are photomicrographs of kidney
cortex incubated with I mu rauwolscine (total
binding) and stained for alkaline phosphatase,
which will label the proximal convoluted
tubules. A. A brightfield micrograph
demonstrating darkly stained (S) tubules and
tubules not stained (N). B. The same field
taken with darkfield microscopy
demonstrating autoradiographic grains over
the stained tubules, but fewer grains over the
unstained tubules. Scale bar = 20 m.
Fig. 7. These are photornicro graphs demonstrating binding of I mu dihydroalprenolol to rat kidney glomeruli. A. A brightfield micrograph of a
section incubated in DHA. B. A darkfIeld micrograph of the same field demonstrating total binding to glomeruli (G) and surrounding tubules of the
renal cortex. C. Nonspecific binding to a serial section incubated with dihydroalprenolol in the presence of 106 M propranolol. Scale bar 40 m.
concentration of grains than the glomerulus itself. However,
this was not a constant feature in all glomeruli in which the
vascular pole was present in the section. There were no
concentrations of grains in the vascular pole of the glomerulus
with either prazosin or rauwoiscine.
There were other structures in the kidney that had specific
labeling, but significant Scatchard analyses were not obtained.
The tubules in the renal medulla appeared to have specific
binding with rauwolscine, as shown in Table 1, but a significant
Scatchard plot was not obtained. The reason for this is not
clear, but may relate to interanimal variability.
There was some specific binding of DHA to the tubules of the
renal cortex, but it was minimal and a significant Scatchard
analysis was not obtained. However, microscopic examination
of the slides revealed that there was considerable heterogeneity
in labeling with some tubules labeled and other regions showing
no labeling. Thus, in the quantitative analysis we were averag-
ing labeled and unlabeled areas of the cortex. Qualitative
analysis of the slides stained with alkaline phosphatase revealed
that labeling was not localized to the proximal tubules, but
other tubular elements in the cortex (Fig. 8). In addition, as
shown in Figure 9, there was labeling in straight elements which
approached the medulla, possibly part of the ioop of Henle, or
collecting ducts.
The kidney arterioles appeared to have specific labeling with
prazosin and rauwoiscine, but there was considerable variabil-
ity in the grain densities. This could be related to the fact that
only a small amount of tissue was available for analysis, or
could be related to true differences in receptor density. Due to
the variability, significant Scatchard analyses were not ob-
tained. With prazosin, there were 244 31 grains total binding
and 72 10 grains nonspecific binding at 0.3 nM prazosin, the
concentration of ligand closest to the dissociation constant of
prazosin. There was also specific binding of rauwoiscine to the
renal arterioles. The binding was 221 43 grains total binding
and 117 20 grains nonspecific binding at 2 n rauwoiscine, a
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Fig. 8. These are photomicrographs of kidney
cortex incubated with 1 nM dihydroalprenolol
(total binding) and stained for alkaline
phosphatase, which will label the proximal
convoluted tubules. A. A brightfield
micrograph demonstrating darkly stained (S)
and unstained (N) tubules. B. The same field
taken with darkfield microscopy
demonstrating grains over the unstained, but
not the stained tubules. Scale bar = 20 m.
Fig. 9. Photomicrographs of rat renal cortex prepared for dihydroalprenolol autoradiography of beta receptors. A. Brightfield microscopy
demonstrating straight tubules (S) approaching the medulla. B. The same field taken with darkfield microscopy. Note the concentration of grains
over the straight tubules. Scale bar = 50 m.
concentration close to the dissociation constant of the ligand.
There was no specific binding of dihydroalprenolol to the
arterioles.
Discussion
Although studies have examined the qualitative localization
of beta adrenergic receptors [6, 7], alpha1 adrenergic receptors
[4] and alpha2 adrenergic receptors [5, 13] in rat kidney, to our
knowledge this is the first paper to quantitate renal adrenergic
receptors using autoradiography. In addition, alpha1, alpha2
and beta adrenergic receptors were quantitated in the same
made over the tissue compartments analyzed. The renal vascu-
lature, as well as all portions of the renal tubule, receive
sympathetic innervation [14, 15]. Thus, knowledge regarding
the proportion of specific adrenergic receptor subtypes within a
tissue, will provide insight into the ultimate effect of sympa-
thetic stimulation on a specific tissue.
In the current studies, autoradiographic grains were com-
pared to a standard curve which related counts per minute to
total grains over a section of rat left ventricle which had been
incubated in several concentrations of tritiated dihydroalpre-
nolol. The heart was utilized, because we demonstrated that
animals, thus direct comparisons of receptor numbers can be grain density was randomly distributed over the left ventricle
-
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and ventricular septum with this ligand. Using heart sections,
grain density was linear with radioactivity, as presented in the
standard curve shown in the manuscript. Evidence regarding
the reliability of our methods, were the reasonable saturation
curves, Scatchard plots and dissociation constants obtained
with these techniques. This study has demonstrated that it is
possible, using quantitative autoradiographic methods, to ob-
tain measurements of adrenergic receptor characteristics in
small tissue areas reliably.
In our study, significant Scatchard plots were obtained in four
regions of the kidney. The tubules in the renal cortex were
labeled with rauwoiscine and prazosin, indicating the presence
of alpha1 and alpha2 adrenergic receptors. There were 2.4 times
as many alpha2 receptors as alpha1 receptors on the tubules.
This is slightly less than earlier studies on cortical homoge-
nates, in which three times as many alpha2 receptors as alpha,
receptors were reported [16] and now provides direct autora-
diographic evidence of this ratio on the tubules. Qualitative
assessment using histochemical localization of proximal convo-
luted tubules, revealed that the alpha, and alpha2 receptors
were localized on the proximal convoluted tubules.
The function of alpha1 adrenergic receptors on the proximal
convoluted tubule is still a matter of some controversy, but
evidence indicates that this receptor may be involved in gluco-
neogenesis [17], and sodium and calcium reabsorption [181 in
the rat. Recently, it has been shown that alpha, receptor
activation in kidney slices is associated with an increase in
phosphatidylinositol turnover in rat kidney [19].
The function of the alpha2 receptor in the proximal convo-
luted tubule is even more obscure, despite the great number of
these receptors in this site. Studies by DiBona and Sawin [20]
have provided physiological evidence in three rat strains, that
renal tubular responses in to both renal nerve stimulation and
agonist administration are mediated by alpha,, but not alpha2
receptors, even though alpha2 receptors clearly outnumber
alpha1 receptors. Micropuncture studies have indicated that
alpha2 stimulation increases sodium, potassium and water ex-
cretion, but this is at the level of the cortical collecting tubule,
not the proximal convoluted tubule [21]. There is some evi-
dence that alpha2 stimulation may suppress the parathyroid
hormone-stimulated increase in cyclic AMP [reviewed in 22].
Alpha2 receptor agonists have been shown to stimulate the
sodium-hydrogen antiporter in isolated proximal tubules of the
rabbit [13], but this may not be the case in the rat, especially in
light of the data of DiBona and Sawin [20].
In our quantitative analysis of the tubules in the renal cortex
labeled with dihydroalprenolol, considerable variability was
observed from field to field and the overall specific binding was
low. Microscopic evaluation of the slides revealed a significant
amount of heterogeneity in labeling of the tubules with DHA.
Qualitative assessment of slides stained with alkaline phos-
phatase to demonstrate proximal convoluted tubules, provided
evidence that the tubules other than proximal tubules were
labeled (distal convoluted or cortical collecting tubules) with
dihydroalprenolol. For accurate quantification of the beta re-
ceptors in the cortex, all slides would have to be stained with
alkaline phosphatase, and only unstained tubules analyzed with
the image analysis system. These findings are similar to the
autoradiographic studies of Summers and Kuhar [6] and are
supported by the biochemical studies of Sundaresan, Fortin and
Kelvie [23], who demonstrated low numbers of beta adrenergic
receptors in proximal tubule enriched fractions, but greater
numbers in distal tubule enriched fractions. In the present
study, straight tubules approaching the medulla were labeled,
possibly part of the loop of Henle, or collecting ducts. The
specific structure cannot be ascertained by our methods.
Using specific ligands for alpha2 and beta adrenergic recep-
tors, we determined that there are approximately 2.5 x i09
alpha2 receptors/mm3 in the kidney glomeruli, and 5.2 X l0
beta receptors/mm3 in the kidney glomeruli. Recent data have
shown that norepinephrine can induce glomerular mesangial
cell contraction, and that increases in cyclic AMP can induce
mesangial cell relaxation [3]. The adrenergic receptors may play
a role in controlling blood flow through the glomerulus. In
addition, beta receptors are known to increase the release of
renin from the juxtaglomerular apparatus [reviewed in 2].
Previous beta receptor autoradiographic studies have reported
that the arteriole pole of the glomerulus (where the juxtaglo-
merular apparatus is localized) is much more densely labeled
than the glomerulus itself [6, 24]. In our study, the arterial pole
had a slightly greater grain density than the glomerulus in some
glomeruli. However, this was not obvious in all glomeruli in
which the arterial pole of the kidney was present in the section.
The reason for this discrepancy is unclear, but may relate to
differences in ligand, as we used dihydroalprenolol, while
iodocyanopindolol was used in the other studies. It is also
possible that the cutting angle contributed to variability in
vascular pole labeling. There was no obvious labeling of the
arteriole pole with either prazosin or rauwolscine, indicating
that if alpha1 and alpha2 receptors are present in the juxtaglo-
merular apparatus, they are present in low numbers.
Additional data suggested the presence of alpha1 and possibly
alpha2 receptors on the renal arterioles, consistent with the
findings of DiBona and Sawin regarding the effect of adrenergic
stimulation on renal blood flow [20]. There was no evidence for
the localization of beta receptors on renal arterioles.
In conclusion, we have utilized a quantitative autoradio-
graphic technique to determine adrenergic receptor density in
the rat kidney. These data, in combination with our qualitative
observations, provide important information regarding the lo-
calization and quantification of various adrenergic receptors in
the kidney. Quantitative autoradiographic analyses of adrener-
gic receptors in the kidney should greatly enhance our under-
standing of alterations in adrenergic receptors in disease states,
in view of the cellular complexity of the kidney.
Reprint requests to Kathryn H. Muntz, Ph.D., Department of Cell
Biology and Neurosciences, University of Texas Southwestern Medical
Center, 5323 Han-v Hines Blvd., Dallas, Texas 75235, USA.
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